In vitro permeation studies of phenolics from horse chestnut seed gels prepared with diff erent polyacrylic acid polymer derivatives
EXPERIMENTAL

Materials
Polyacrylic acid polymers Ultrez 10, Ultrez 20, Carbopol 980 and Carbopol 940 were all from Lubrizol, USA. Triethanolamine, trifl uoroacetic acid, acetonitrile polypropylene glycol, isopropyl alcohol, sodium carbonate and standard gallic acid (97 % purity) were from Sigma-Aldrich Chemie GmbH, Germany.
HPLC grade purity quercetin, kaempferol, astragalin, isoquercetin, leucocyanidin, rutin, quercitrin, epicatechin, proanthocyanidin A2, Folin's reagent and peppermint oil (Mentha piperita) were supplied by Carl Roth (Germany). All chemicals and solvents were of analytical grade.
Preparation of the horse chestnut seed extract
Experimental studies were carried out on horse chestnut (Aesculus hippocastanum L., Sapindaceae) seeds from the Utena district (Lithuania) collected in autumn 2012. Washed and cleaned seeds were stored for three months in a dark and dry place at the temperature of 25 ± 2 °C. The cellulosic and wooden hull and red-brown endosperm were hand-peeled from the seeds. The air-dried seeds were ground to powder, then extracted with 70 % ethanol in water using an Ultra-Turrax device (Polytron, Switzerland). The extract was fi ltered, concentrated under reduced pressure, and then dried. Dry extract was prepared using a spray-dryer Büchi 190 (Polytron) at heating temperature, 161-168 °C, output temperature 105-110 °C and dry extract spraying rate 7.0-8.2 mL min -1 .
Gel preparation
The composition of gels used in the study is presented in Table I . During the preparation process, 1 % of polymer was dispersed in water, subsequently adding propylene glycol, isopropyl alcohol, and peppermint oil. Horse chestnut extract was dissolved in water. A fi ltered aqueous solution was added to the polymer suspension under continuous stirring. The resulting suspension was neutralized with 10 % triethanolamine until pH 7.0 ± 0.2. Gel homogeneity was achieved by using an automated mixing system »Unguator 2100« (GAKO International GmbH, Germany).
Viscosity evaluation
The test sample was poured into a clean and dry 150-mL beaker and its viscosity was measured with a CAP-2000 Brookfi eld viscometer (Brookfi eld Engineering Laboratories, USA) during the standard operating procedure at the temperature of 25 ± 2 °C using a spindle 7 and 10 rpm, measurement time 30 s.
In vitro permeation through the dialysis membrane
In vitro permeation testing was conducted by applying a cellulose membrane that was soaked in water at 37 ± 2 °C for 24 hours prior to the procedure. A diff usion cell was used where the surface area of the dialysis membrane in contact with the acceptor medium was 1.76625 cm 2 . The acceptor medium was 30 mL of phosphate buff er (pH 7.30). During the test, 0.5 g of the studied gel was placed on the membrane. The prepared sample was fi xed to ensure contact between the membrane and the acceptor medium. The diff usion cell was placed into a water bath. A heated magnetic stirrer was used to maintain stable temperature (37 ± 2 °C) and stirring (600 rpm). The testing was carried out for 6 hours, and 0.7-mL samples of the acceptor medium were taken at specifi ed time intervals, being replaced with an qual volume of the buff er solution.
HPLC analysis of the dry seed extract
HPLC analysis was carried out using the Waters 2690 Alliance HPLC system (Waters Corporation, USA), equipped with a Waters 2487 UV/Vis detector, an on-line degasser and an auto sampler, and a Waters XTerra RP18 150×3.9 mm column. UV detection was achieved at 360 nm. Chromatographic elution was accomplished using a gradient solvent system consisting of water containing 0.1 % trifl uoroacetic acid (TFA) (A) and acetonitrile contain- . The injection volume was 10 µL. Buff er solutions were fi ltered through a 0.2-µm disposable membrane fi lter (Roth, Germany), and were degassed prior to use. Data were collected and analyzed using the Waters Millennium 2000 ® chromatographic manager system. Eluted constituents were identifi ed by comparing the retention time with that of reference standards. For determination of phenolic compounds, the following reference standards were used: quercetin, kaempferol, astragalin, isoquercitrin, leucocyanidin, rutin, quercitrin, epicatechin, proanthocyanidin A 2 . The regression of the calibration curves of reference standards was linear, the coeffi cient of determination (R 2 ) for all lines was > 0.9999, and the resolution (R s ) of the standard peaks was > 1.5. 
Evaluation of phenolic compounds
The content of total polyphenols was determined by applying a modifi ed Folin-Ciocalteau colorimetric method (5, 6) . Following this method, 0.7 mL of the fi ltered test solution in dimethyl sulfoxide (DMSO) (1 mg mL -1 of extract) was transferred to a 10-mL volumetric fl ask, the Folin-Ciocalteu reagent (400 µL) was added, and a er 3 minutes, sodium carbonate solution (75 g L -1 ) was added. A er 2 hours, the suspension was centrifuged (at 5000 rpm for 5 minutes), and the absorbance of the supernatant was measured at 760 nm (Thermo Scientifi c Genesys 20 Visible Spectrophotometer (Thermo Fiska Scientifi c, Inc., USA). The obtained linear equation (R 2 = 0.9996) was used to evaluate the concentration of total polyphenols in the horse chestnut seed extract and to measure the amount of polyphenol compounds that permeated from the gels into the acceptor medium.
RESULTS AND DISCUSSION
To our knowledge, this is the fi rst investigation that analyzes the diff usion of horse chestnut seed-derived phenolic compounds from gels prepared with diff erent polyacrylic acid polymer derivatives. Also, no permeation studies have been conducted with the newgeneration Ultrez polymers. The studied dosage form (hydrogel) was selected because of its biocompatibility with the skin and skin-like mechanical properties ensuring a rapid transfer of the active ingredient through the stratum corneum to the target site (7).
Chemical composition of the pure species varieties of A. hippocastanum as obtained by Folin-Ciocalteau method and HPLC is shown in Table I and is similar to those mentioned in other reports on the qualitative composition of horse chestnut seeds (8) . Evaluation of the total phenolic compound content revealed a high amount of phenolic compounds (6.12 %) in the horse chestnut seed extract.
In total, 20 gels of diff erent composition were prepared for the study (Table II) to evaluate the infl uence of the polyacrylic acid polymer type, peppermint oil concentration and viscosity of the gels for phenolic compound permeation in vitro. Four diff erent polyacrylic acid polymers were selected in gel formulations, namely, Carbopol Ultrez 10, Carbopol Ultrez 20, Carbopol 980, and Carbopol 940, which all diff ered in their physicochemical characteristics (9) (10) (11) . Although the viscosity of gels CU-1 (Carbopol Ultrez 10) and CA-1 (Carbopol Ultrez 20) diff ered signifi cantly from CR-1 (Carbopol 980) and CB-1 (Carbopol 940) gels (data not shown), viscosity was not related to phenolic compound release. Carbopol 980 and 940 demonstrated be er permeation than Carbopol Ultrez 10 and 20 (Fig. 1) . Furthermore, polyphenolic compounds were less readily released from the Carbopol Ultrez 10 gel matrix than from gels with other polymers (Fig. 1) .
Peppermint oil fragrance, which according to literature (12) , may be also used as permeation enhancer, was used as an additive in our gel formulations at diff erent concentrations (0.1, 0.5, 1.0 and 1.5 %, Table II ). The results showed that peppermint oil, at concentrations of 0.1, 0.5, and 1.0 % slightly reduced viscosity in all the studied gel samples, whereas at a concentration of 1.5 %, it signifi cantly reduced viscosity in polyacrylic acid polymer-based gels with Ultrez 10, Ultrez 20, and Carbopol 980 but not with Carbopol 940. Furthermore, our study showed that peppermint oil signifi cantly reduced the permeation of phenolic compounds compared to the control group (without additive) (p < 0.05) and, in contrast to the literature data (13-15), did not act as a permeation enhancer (Fig. 1 ), most probably due to its reaction with active horse chestnut compounds or due to the low concentrations tested.
The amount of released phenolic compounds was infl uenced by the type of Carbopol (Fig. 1) . The largest amounts of phenolic compounds released within 6 hours were observed in CA-1 gel samples. In CU-1, the diff usion of phenolic compounds a er 6 hours was by 17.2 % (p < 0.01) lower than that observed in gels produced with Carbopol Ultrez 20. Even though gels prepared with Carbopol Ultrez 20 released the largest amounts of phenolic compounds, the inhibitory eff ect of peppermint oil on phenolic compound permeation in these gels was the strongest (Fig. 1b) .
The fl ux of phenolic compounds from the horse chestnut seed extract containing gels through a semi-permeable membrane decreased with time in all 20 investigated formulations. The highest fl ux of polyphenolic compounds (50-60 %) was registered a er 0.5 hours (data not shown). Table III shows that a er 6 hours, the highest fl ux of polyphenolic com- pounds was from gels prepared with Carbopol Ultrez 20, yet a signifi cantly lower (by 9 %) fl ux of active compounds was observed only in gels prepared with Carbopol Ultrez 10 (compared to CA-1). The addition of peppermint oil into the gels signifi cantly reduced the fl ux polyphenolic compounds from gels prepared with Ultrez 10, Ultrez 20, and Carbopol 980. In contrast to other gels, in formulations prepared with Carbopol 940, peppermint oil had no signifi cant infl uence on the reduction of the fl ux of phenolic compounds at concentrations of 0.1, 0.5 or 1.0 %. Only the maximal peppermint oil concentration reduced the fl ux of the studied compounds by 7 % (p < 0.05 vs. CB-1). The most eff ective permeation was observed in formulations produced with Ultrez 20 (p < 0.01, compared to other samples) (Table III) .
In order to explain the mechanism by which diff erent polymers aff ect phenolic compound permeation, percutaneous absorption parameters such as permeability coeffi cient, apparent diff usion coeffi cient, and enhancement ratio were calculated for the tested gel formulations (Table III) . We found no signifi cant diff erences in the permeability coeffi cient and apparent diff usion coeffi cient between the tested formulations (except for gels produced with Ultrez 20), but the partition coeffi cients diff ered. Thus, our results imply that the interaction between the active compounds in the horse chestnut seed extract, pepper-mint oil and the gel-forming polyacrylic acid polymers could aff ect the ability of the phenolic compounds to partition from the vehicle into the stratum corneum, thereby infl uencing their permeation through the membrane.
CONCLUSIONS
The highest content of phenolic compounds (1.758 µg cm -2 ), compared to their content in the initial sample, penetrated in vitro from the polymer gel prepared using Carbopol Ultrez 20 (p < 0.05 vs. Carbopol Ultrez 10, Carbopol 980 ir Carbopol 940) without peppermint oil supplement. Our results showed that peppermint oil decreased both the viscosity of polymer gels and permeation of horse chestnut seed extract-derived phenolic compounds from all the polymer gels tested. Therefore, it could be suggested to avoid the use of peppermint oil as a fragrance or cooling agent when preparing polymer-based gels with the horse chestnut seed extract.
Further studies are needed for systematic investigations on three-dimensional human skin models.
